An 11-year-old boy presented with pineal pure germinoma with spinal dissemination manifesting as a 1-month history of ocular motility disturbance and a history of abnormal sensations in the left leg persisting for several months. His past medical history was unremarkable. Craniospinal magnetic resonance imaging showed an enhanced tumor in the pineal gland and widespread leptomeningeal dissemination in the spinal canal. Biopsy of the pineal tumor was performed. Histological examination revealed a pure germinoma. Chemotherapy with carboplatin and etoposide in combination with radiotherapy induced complete remission of the tumors. He regained normal eye movement and sensation in his left leg during the chemotherapy period. Germinomas with dissemination are generally more malignant and refractory than solitary germinomas, but this patient showed a strong response to chemoradiotherapy.
A: Sagittal T 1 -weighted magnetic resonance (MR) image with gadolinium revealing a homogeneous intensity mass in the pineal region. B: Sagittal T 1 -weighted MR image with gadolinium of the thoracolumbar spine showing multiple slightly enhanced mass lesions from T12 to L2. 
Introduction
Pure germinomas in the central nervous system (CNS) usually occur as a solitary lesion in the pineal or neurohypophyseal region. Multiple or disseminated lesions, including synchronous lesions in the pineal and suprasellar regions, are relatively rare, occurring in only 6-15% and 4-9% of whole germ cell tumors, respectively. 7, 8, 11, 16, 18, 21) Multiple or disseminated lesions generally have a poorer prognosis than solitary lesions because of the higher recurrence rate. 1, 7) Dissemination is usually seen at recurrence after treatment or during the development of nongerminomatous tumors. 5, 17, 18) Pure germinomas with spinal dissemination at the initial diagnosis are rare. 6) Spinal dissemination is more prevalent in patients with pineal germ cell tumors and tumors that have been histologically classified as germinomas or endodermal sinus tumors. 9, 24) Additionally, spinal dissemination at diagnosis is rare because the most prevalent locations are intracranial, and dissemination is usually identified using cerebrospinal fluid (CSF) cytology. 6, 8, 11) We describe an unusual case of a pineal pure germinoma that showed spinal dissemination at initial diagnosis.
Case Report
An 11-year-old boy consulted a neurologist because of progressive disturbance in ocular motility persisting for about one month. Cranial computed tomography demonstrated a large pineal lesion with partial calcification that was causing obstructive hydrocephalus. T 1 -weighted magnetic resonance (MR) imaging with gadolinium showed a well-enhanced large pineal tumor (Fig. 1A) .
On admission, neurological examination revealed limitations in both upward gaze and convergence, slight pupillary dilation, and sluggish light reflex in the right eye. Fundus examination showed bilateral papilledema. In addition, he had complained of abnormal sensations in the left leg that had worsened during exercise during the past months, so MR imaging with gadolinium was performed which showed multiple slightly enhanced intradural-extramedullary masses at the T12 to L2 levels (Fig. 1B) . The serum and CSF levels of beta-human chorionic gonadotropin (b-HCG) were slightly elevated at 3.7 mIU/ml and 0.2 ng/ml, respectively. In contrast, alphafetoprotein was not detected in either the serum or CSF. CSF cytology revealed no abnormalities.
We suspected a non-germinomatous or mixed type germ cell tumor with leptomeningeal metastasis in the spinal canal based on the MR imaging findings and clinical course. The patient underwent a biopsy using an occipital transtentorial approach to enable histological diagnosis of the pineal lesion. The mass had a grayish bloody appearance with an undefined margin. Frozen section pathological examination identified pure germinoma. Complete removal was not attempted, and the operation was concluded after insertion of a ventricular drain. Histological examination showed a specific``two cell pattern'' appearance, and immunohistochemical studies revealed that the tumor cells were stained positively for placental alkaline phosphatase but not for b-HCG (Fig. 2) . The histological diagnosis was pure germinoma.
Following surgery, chemotherapy consisting of carboplatin (525 mg) and etoposide (175 mg) on days 1-3 (CARB-VP regimen) was given for three courses at 4-week intervals. During chemotherapy, nausea and neutropenia occasionally appeared, but were not severe enough to warrant the discontinuation of treatment. After the third cycle of chemotherapy, MR imaging showed that the pineal tumor had been markedly reduced and the leptomeningeal dissemination in the spinal cord had disappeared com- Pure Germinoma With Spinal Dissemination pletely. The patient also regained normal eye movement and sensation in his left leg. Subsequently, radiotherapy was administered to the craniospinal axis at a dose of 30 Gy in 19 fractions over 3 weeks in addition to 20 Gy in 10 fractions over 2 weeks delivered to a localized field at the pineal tumor site. The daily dose was 1.5 to 2 Gy for the craniospinal axis and 2 Gy for the localized field. Subsequent MR imaging of the brain and whole spine detected no tumors (Fig. 3) . The patient was able to return to school without experiencing further symptoms. He was asymptomatic, and MR imaging showed no evidence of recurrence at the 8-month follow-up examination.
Discussion
Chemotherapy results in tumor regression in the majority of patients with pure germinomas. Patients with dissemination at the initial diagnosis responded to chemotherapy as did as those without dissemination. 3, 15, 19) Combination chemotherapy consisting of a cisplatin-etoposide (PE regimen), an ifosfamide-cisplatin-etoposide (ICE regimen), or other similar regimens has generally been used with excellent results. 12) However, adjuvant radiotherapy is indispensable because chemotherapy is associated with a higher recurrence rate following salvage treatment. 2, 14, 20, 25) In particular, whole CNS irradiation is still recommended as a standard therapy for patients with positive CSF cytology for tumor cells or tumor deposits observed by MR imaging. 10, 13, [21] [22] [23] The results of multiple studies have confirmed the efficacy of such combination therapies and the excellent outcome for germinomas. 13, 16, 19, 20) However, too few cases of germinomas with dissemination at the initial diagnosis have included detailed descriptions including long-term outcomes to establish an evidence-based treatment regimen.
A phase II trial investigated the response rate and survival of 17 patients treated with conventional doses of etoposide and cisplatin, followed by radiation therapy with dose and volume adjustments according to histological type and the response to chemotherapy. Patients with disseminated germinoma who achieved complete remission after chemotherapy received 10 Gy to the local field plus 20 Gy to the craniospinal axis. Patients with less than complete remission were given 24 Gy to the local field plus 30 Gy to the craniospinal axis. Three previously reported patients with germinomas and leptomeningeal spread at the initial diagnosis exhibited complete regression after chemotherapy, and so received lower doses of radiotherapy. 4) Three patients with CSF dissemination at the initial diagnosis were treated with an ICE regimen of chemotherapy followed by 24 Gy craniospinal radiotherapy without local boost. 19) All six patients achieved complete response after chemoradiotherapy and were free from recurrence after a follow-up period ranging from 6-62 months.
We treated our patient with a CARB-VP regimen as the chemotherapeutic modality based on the results of past studies showing this regimen was effective for germinomas with dissemination. Our patient showed complete response for the spinal lesions, but a small residual tumor remained in the pineal region after chemotherapy. The chemotherapy was followed by whole CNS irradiation (30 Gy) with a local boost to the pineal region (20 Gy), and subsequent MR imaging showed complete response for all lesions. The treatment response in our patient was as strong as those in patients with solitary germinoma, and no differences in clinical or histological malignancy were observed. However, previous clinical trials did not report long-term observations, and no consistent conclusions regarding the optimal treatment have been reached. Longterm outcomes, including relapse and the side effects of radiotherapy, must be assessed to standardize the treatment of germinomas with dissemination at the initial diagnosis. 8) 
